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157] ABSTRACT

A focus detecting device and a photographic apparatus
provided with such a device has an apparatus for setting
optic axes thereof with a base length therebetween, and
for photoelectrically detecting a focus state thereof, at
least one of the optic axes being bent, or reflected, by a
fixed reflecting surface, and a focus detection compo-
nent disposed along the bent optic axis and movable,
during a focus detection operation, in a direction inter-
secting the bent axis.

15 Claims, 3 Drawing Sheets
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FOCUS DETECTING DEVICE AND
PHOTOGRAHING APPARATUS PROVIDED
WITH THE SAME

This application 1s a continuation of application Ser.
No. 204,969 filed June 8, 1988, now abandoned, which
1S a continuation of application Ser. No. 829,939 filed
Feb. 18, 1986, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention |

This invention relates to a photoelectric focus detect-
ing device of which the driving mechanism can be sim-
plified and to a photographing apparatus provided with
such device.

2. Related Background Art
Photographic cameras and video cameras having an

automatic focus detecting device incorporated therein
are commonplace, and such focus detecting device 1s
mounted on a camera body or is incorporated in an
interchangeable lens. On the other hand, the tendency
of cameras and lenses toward compactness 1s well
known and along therewith, it is required to make the
detecting device compact and simplify the driving
mechanism thereof.

As is well known, the automatic focus detecting sys-
tem is broadly divided into the passive type and the
active type. In a typical system of the passive type,
photosensor arrays are disposed on two optic axes,
respectively, and the correlation between an image
signal obtained by driving a pivotable mirror provided
on one of the optic axes and scanning the array thereon
by the image of an object or by electrically scanning the
array and other image signal is taken and the object
distance is detected from the scanning angle thereof or
the scanning distance thereof. Also, in a system of the
active type, an invisible light or the like is projected
from one lens side onto an object and the reflected light
from the object is received by the remaining lens and
directed to a photoelectric element, and in that case, at
least one of a light source, a photoelectric element, a
projecting lens and a light-receiving lens 1s moved and
scanned.

In both of these types, except a few examples in
which the array is electrically scanned, some driving
mechanism is required and moreover, reciprocal pivotal
movement and movement in a direction perpendicular
to the photographing optic axis are effected and there-
fore, converting means such as a cam oOr an encoder
need be provided in a connecting structure for connect-
ing the movement of those movable elements and the
movement of the focusing lens of the photo-taking opti-
cal system in the direction of the optic axis. Such con-
necting structure is liable to cause a reduction in accu-
racy.

SUMMARY OF THE INVENTION

It is a first object of the present invention to simplify
the driving mechanism of a focus detecting device of
the active type or the passive type and in particular, to
provide a construction which can simplify a mechanis
for driving the component of the focus detecting device
such as a projection light source, a photoelectric con-
verting element or a converging lens.

It is a second object of the present invention to sim-
plify the construction for harmonizing the operation of
the focus driving mechanism of an optical apparatus
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2

performing the original function, such as photograph-
ing apparatus, and the operation of the driving mecha-
nism of a focus detecting device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an optical arrangement illustration showing
an embodiment of the present invention.

FIGS. 2 and 3 illustrate the optical action.

FIGS. 4 and § are optical arrangement 1llustrations
showing further embodiments of the present invention.

FIG. 6 illustrates the optical action.

FIGS. 7 and 8 are optical arrangement illustrations
showing still further embodiments of the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS |

FIG. 1 shows an embodiment of the present inven-
tion. This Figure is depicted with the distance between
an object to be photographed and the apparatus being
greatly shortened. In FIG. 1, reference character 0
designates an object, reference numeral 1 denotes the
photo-taking lens of the photographing apparatus K,
and reference numeral 2 designates an image pickup
surface which is the surface of a photographic film or
the light-receiving surface of a video image pickup
element. Letter A denotes a focus detecting device,
reference numeral 3 designates a projecting lens, and
reference numeral 4 denotes a projection light source
which may preferably be an ILED emitting an invisible
light, for example, infrared light. The projection light
source 4 lies on the focal plane of the projecting lens 3.
Reference numeral 5 designates a total reflection mirror
for bending the projection optic axis X1 at a right angle.
However, the projection light source 4 not only moves
in a direction orthogonal to the optic axis, but also
finely moves in the direction of the optic axis to absorb
blur. Accordingly, in the case of precise measurement,
the optic axis may be bent at an angle somewhat greater
than a right angle and the amount of movement in the
direction of the optic axis may be approximated. Refer-
ence numeral 4’ designates the mirror image of the
projection light source 4, and this also corresponds to
the projection light source of the conventional appara-
tus.

In the present embodiment, the introduction of the
total reflection mirror 5 enables the projection light
source 4 to be disposed at the bent position of the optic
axis X1 of the projecting lens 3 and as a result, 1t has
become possible to move the projection light source 4
in the same direction as the direction of movement of
the photo-taking lens 1, in contrast with the conven-
tional apparatus in which the light source 4’ was moved
in the direction of broken line arrow a. That 1s, in the
past, a mechanism for moving the light source in a di-
rection perpendicular to the direction of movement of
the photo-taking lens was necessary, whereas In the
present embodiment, a mechanism for moving the light
source in the same direction as the direction of move-
ment of the photo-taking lens i1s only required.

Reference numeral 6-designates a light-receiving lens
provided at a distance equal to the base length, and
reference numeral 7 denotes a photoelectric element
provided with a light-receiving area vertically divided
into two as viewed in FIG. 1 with the optic axis X2 as
the boundary. It is to be understood that the photoelec-
tric element 7 lies on the focal plane of the light-receiv-
ing lens 6. Reference numeral 8 designates a device for
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processing the output signal of the photoelectric ele-
ment 7 and driving the lens.

In the above-described construction, the infrared
detecting light emitted from the projection light source
4 1s projected toward the object 0, and as the projection
light source 4 is moved from the optic axis X1 in a
direction perpendicular thereto, the projection optic
axis becomes inclined as indicated by X1’ and intersects
the optic axis X2 of the light-receiving lens 6 on the
object 0. That 1s, at this time, the detecting light re-
flected by the object 0 1s imaged by the light-receiving
lens 6 and enters the two light-receiving areas of the
photoelectric element 7 in equal quantities, an in-focus
state 1S judged, and the photo-taking lens 1 axially
moved at the same time 1is stopped.

In the above-described embodiment, the directions of
movement of the projection light source and the photo-
taking lens are coincident with each other and there-
fore, the mechanical structure becomes simplified and
compact, but if a construction in which the two are
moved together is adopted, means for mediating the
difference between the amounts of movement of the
two will become unnecessary.

Description will hereinafter be made of the fact that
integral movement is possible in the optical principle.

FIG. 2 shows a form in which the focus detecting
device provided with the projecting lens 3, the projec-
tion hight source 4, the light-receiving lens 6 and the
photoelectric element 7, but without the total reflection
mirror 3, 18 developed along the optical axis. If the
distance between the projection optic axis X1 and the
light-receiving optic axis X2, 1.e., the base length is D
and the distance from the projecting lens to the object is
R and the focal length of the projecting lens is f and the
scanning distance from the infinity state of the projec-
tion light source to the in-focus state is a, the following
expression can be made from a geometric similarity
relation:

_IUD=U&

Thus, this can be modified into:
a=D-f/R

Also, generally, if the distance from the forward focus
of the lens depicted in FIG. 3 to the object to be photo-
graphed is x and the distance from the rearward focus of
the lens to the 1mage point is x" and the focal length of
the lens 1s {, there 1s a relation that

xx' = —f*

(Newton’s equation).

The amount of axial movement of the lines for focus-
ing 18 —Xx’ and therefore, if the above-mentioned amount
of movement a of the projection light source can be
made coincident with the amount of axial movement
—Xx', integral scanning will become possible.

Accordingly, if the focal length of the focusing lens
of the photo-taking system, for example, a component
lens of the entire lens or the single lens, or the focusing
lens of a zoom lens, 1s fr,

x' = —flg/x,

where x 1s the distance from the forward focus of the
lens to the object, and if the forward focus position of
the focusing lens is made coincident with the principal
point position of the projecting lens, x=R. Also, even in
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a case where they are not made coincident with each
other from the problem of disposition or the problem of
appearance design, if the distance is sufficiently long
like an object in the normal photographing area,

x>>fF

and even if x is regarded as x=R, the accuracy of dis-
tance measurement can be sufficiently ensured.

Accordingly, in order that a=x’, D-f is determined as
per the following equation:

Df=fF.

To further ensure the accuracy, the relation among D,
f and frmay be determined so that a=x" between infin-
ity and the photographing close distance.

FIG. 4 shows a second embodiment which is of the
type scanning a photoelectric element instead of a pro-
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in FIG. 1 are given similar reference numerals.

In the present embodiment, a projection light source
4 is fixed on the optic axis X1 of a projecting lens 3,
while the optic axis X2 of a light-receiving lens 6 is bent
substantially at a right angle by the reflecting surface of
a mirror 3’ and a photoelectric element 7 1s disposed on
the focal plane of the light-receiving lens 6. Reference
numeral 10 designates a zoom lens comprising a focus-
ing lens 10g, a variator 105, a compensator 10¢c and a
relay lens 10d. The focusing lens 10g is moved in the
direction of the optic axis for focus adjustment, and the
photoelectric element 7 is also moved in the direction of
the optic axis of the zoom lens with the focusing lens
10aq.

FIG. S shows still another embodiment in which a
protection light source 4 and a photoelectric element 7
are fixed and instead, a projecting lens 3 or a light re-
cerving lens (in the present embodiment, the projecting
lens 3) 1s scanned. One of the projection optic axis and
the light-receiving optic axis (in the present embodi-
ment, the light-receiving optic axis X2) 1s made coinci-
dent with the photographing optic axis X3. The projec-
tion optic axis X1 is bent by a reflecting mirror 5" at a
position more adjacent to the object side than the pro-

jecting lens 3, and the projecting lens 3 is moved by the

same amount as the amount of movement of a photo-
taking lens 1 in a direction orthogonal to the optic axis
X1, 1.e., the direction of the photographing optic axis
X3. Reference numeral 11 designates a half-mirror
obliquely disposed on the optic axis X3, and the photoe-
lectric element 7 is disposed on the branched-off optic
axis and receives a reflected light imaged by the photo-
taking lens 1. At this time, a=D-f{R —/). See FIG. 6.
Approximately, if R> >f, D.f=f2r. To further enhance
the accuracy, the relation among D, {f and fr may be
determined so that a=x" between infinity and the close
photographing distance.

As described above, the projecting lens or the light-

co receiving lens may be scanned instead of the projection
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light source or the photoelectric element being scanned.
Also, one of the projection optic axis and the light-
recelving optic axis may be made coincident with the
optic axis of the photo-taking system, or may be dis-
posed through the photo-taking system but with the
optic axis being deviated.

The above-described embodiments are ones applied
to the active type, but they can also be applied to the
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passive type. In FIG. 7, reference numerals 9 and 10
designate photosensor arrays. It is to be understood that
the array 9 is movable with a photo-taking lens, not
shown, and the array 10 is stationary. Thus, the array 9
scans the object field, and the correlation between the
image signals from the two arrays 9 and 10 is taken and
an in-focus state is determined. When scanning is to be
effected by the photo-taking lens, the focusing lens is
moved, but instead, a holding member for an image
pickup surface 2 may be moved.

FIG. 8 shows yet still another embodiment which is
of the type in which both of the projecting side and the
light-receiving side are scanned to eliminate parallax.

In the present embodiment, the projection optic axis
X1 and the light-receiving optic axis X2 are bent In
opposite directions by reflecting mirrors 5 and 57, re-
spectively, and a projection light source 4 and a photoe-
lectric element 7 disposed on the optic axis are moved in
the same direction as a photo-taking lens 1.

Again in this case, the amounts of movement of the
photo-taking lens 1, the projection light source 4 and
the photoelectric element 7 can be made equal to one
another, and if the spacing between the photographing
optic axis X3 and the projection optic axis X1 1s D1 and
the spacing between the photographing optic axis X3
and the light-receiving optic axis X2 1s D2, the focal
length f; of the projecting lens and the focal length f> of
the light-receiving lens may be determined so as to
satisfy D1f1 =12 and D2f;=f?r which correspond to
the result of the development of the aforementioned
equation.

In the present invention described above with respect
to the preferred embodiments thereof, the direction of
movement of the focusing system and the direction of
movement of the components of the focus detecting
device can be made identical to each other and there-
fore, the interlocking mechanism is simplified and made
compact, and this greatly contributes to the compact-
ness of the photographing apparatus, the prevention of
troubles and the ease of manufacture and assembly.
Further, if the amounts of movement of the focusing
system and the components are made equal to each
other, means for controlling the amount of movement
suich as a cam or a lever can be eliminated, and this leads
not only to the ease of manufacture but also to the possi-
bility of eliminating all error factors including back-lash
that have necessarily existed in the adjusting means,
which also leads to a very excellent effect that the accu-
racy of focusing can be improved.

I claim:

1. A focus detecting device for detecting the focus
state of an imaging device with respect to an object, said
imaging device having an imaging lens movable in a
direction toward the object, comprising:

means for guiding light reflected from the object
along first and second optic axes with a base length
therebetween; |

means for photoelectrically detecting said focus state;

a fixed reflecting surface for bending said first optic
axis;

a component for focus detection disposed along the
bent optic axis and movable 1n the same direction as
said 1maging lens, said focus detection component
being movable during a focus detection operation;
and ,

a second component for focus detection disposed
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along the second optic axis, said second focus de-

tection component cooperating with said focus

6

detection component to detect information repre-
senting the distance to the object.

2. A focus detecting device according to claim 1,
wherein said component for focus detection is one of a
projection light source, a light-receiving photoelectric
element and a converging lens.

3. A focus detecting device according to claim 1,
wherein said optic axis is bent at an angle deviated from
a right angle.

4. A focus detecting device according to claim 1,
wherein both of said optic axes are bent by the reflect-
ing surface. '

5. A photographing apparatus having an imaging lens
movable in a direction toward an object to be photo-
graphed and provided with a focus detecting device,
comprising;

means for guiding light reflected from the object

along first and second optic axes with a base length

therebetween;

means for photoelectrically detecting a focus state of
the object;

a fixed reflecting surface for bending said first optic
axis;

a component for focus detection disposed along the
bent optic axis and movable in the same direction as
the direction of movement of said imaging lens,
said focus detection component being movable
during a focus detection operation; and

a second component for focus detection disposed
along the second optic axis, said second focus de-
tectton component cooperating with said focus
detection component to detect information repre-
senting the distance to the object.

6. A photographing apparatus according to claim 3,
wherein said imaging lens is a focusing lens, and
wherein said focusing lens and said component for focus
detection are moved together.

7. A photographing apparatus according to claim 6,
wherein a converging lens is disposed along said bent
optic axis, and wherein the product of the focal length
of said converging lens and the length of the base line is
substantially equal to the square of the focal length of
said focusing lens.

8. A photographing apparatus according to claim 3§,
wherein one of said optic axes is the optic axis of a
imaging lens of said photographing apparatus.

9. A focus detecting device for detecting the focus
state of an optical system with respect to an object, said
optical system having an imaging lens movable in a
direction toward the object, comprising:

first optical means having a first lens and first electri-
cal means and also having a first optical path;

second optical means having a second lens and sec-
ond electrical means and also having a second opti-
cal path offset by a predetermined amount from
sald first optical path;

fixed optical path bending means for bending said
first optical path; and

moving means for moving one of said first lens and
said first electrical means in the same direction as
the imaging lens, said movement occurring during
a focus detection operation;

wherein said first electrical means cooperate with
sald second electrical means to detect information
representing the distance to the object.

10. A focus detecting device according to claim 9,

wherein said first electrical means is a light source for
emitting a focus detecting light, and said second electri-
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cal means 1s photoelectric converting means for receiv-
ing the focus detecting light reflected by an object.

11. A focus detecting device according to claim 10,
wherein said light source is an infrared light emitting.

12. A focus detecting device according to claim 9,
wherein said second electrical means 1s a light source
for emitting a focus detecting light, and said first electri-
cal means 1s photoelectric converting means for receiv-
ing the focus detecting light reflected by an object.

13. A focus detecting device according to claim 12,

wherein said light source is an infrared light emitting
LLED.

10

15

20

25

30

35

435

50

55

65

8

14. A focus detecting device according to claim 9,
wherein said first and second electrical means are pho-
toelectric converting means for receiving radiation
from an object.

15. A focus detecting device according to claim 9,
further comprising;

second optical path bending means for bending said

second optical path; and

second moving means for moving one of said second

lens and said second electrical means in a direction

intersecting the second bent optical path.
- x* %X % x X
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,974,009

DATED ! November 27, 1990

INVENTOR(S} : sadahiko TSUJI

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Title page: Item (54)

Line 1, "PHOTOGRAHING" should read --PHOTOGRAPHING--.

COLUMN 6:

Line 16, "comprising;" should read --comprising:--.

COLUMN 7:

Line 4, "light emitting." should read --light emitting
LED,--.

COLUMN 8:

Line 6, "comprising;" should read --comprising:--

Signed and Sealed this
Twenty-first Day of July, 1992
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